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RESEARCH MEMORANDUM

. STABIT.TTY AND CONTROL DATA OBTATNED FROM
FIRST FLIGHT OF XU ATRFLANE

By Hubert M. Drake
SUMMARY

NACA instrumentation has been installed in the X4 ailrplanes to
obtain gtebllity and control data during the Northrop conducted
acceptance tests. The resulis of the first flight of the X4 number 1
airplane are presented in this report. These data were obtained for a
center-of-gravity position of sbout 22 percent of the msan aerodynamic
chord., A maximum indilcated alrspeed and pressure altitude of 290 miles
per hour and 11,000 feet, respectively, were obtained during the flight.

Results of the flight 1ndicated that the airplane is sliightly
unstable, stick fixed, in gear-up, flaps—up configuration for a center—
of-gravity position at 2L.% percent of the mean asrodynamic chord. The
pilot reparted that it was difficult to meintain steady flight in this
configuration. There was no indication of & smaking or lateral oscil~
lation for the speed range covered. For gear—-down confliguration at low
1ift coefficients with the center of gravity at 22.%k and 21.6 percent
of the mesn asrodynamic chord the airplaune was longitudinelly stable;
however, at high lift coefficlents, it was indlcated that the alrplane
was longitudinslly unstaeble. The rudder effectivemess appeared to be
low in the gear—down, low—sepeed condition. The maximm rate of rudder
motion of 25° per second avallsble with the mresent control system was
congidered by the pilot to be too slow.

TNFRODUCTION

As a part of the Alr—¥Force — Navy — NACA tramsonic f£light research
program, the Northrop Compsny has constructed the X4 airplane. This
airplene 1s intended for performing research an g tallless configuration

at high subsonic Mach numbsrs.

NACA recording instrumentation has been installed 1n the alrplane
to provide data on stability and control characteristics during the
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Northrop conducted acceptance tegts. The pregent repart glves data
obtained on the first £light, made December 16, 1948, with the center

of gravity at about 22 percent mean aerodynemic chord. The speed range
covered was from 225 miles per hour to 290 miles per hour at 11,000 feet
pressure altitude in the clean caondition and fram 145 miles per hour

to 210 miles per hour in the gear—down condition at 2200 feet pressure
altitude.

SIMBOLS

Vi indicated alrspeed, miles per hour

B gideslip angle, degrees

8e elevon angle, degrees

Sr rudder angle, degrees

q dynamlic pressure, pounds per square foot

8 wing area, square feet

W alrplane weight, pounds

Cn airplane normal—farce coefficlemt <.:n_’ﬁ£

n normel acceleration

Subascripts:

R, L right and left elevons, respectively
ATRFLANE

The Northrop X=4 airplane 1g a seml-tailless research alrplans
hasving a vertical tall but no horizontal tail surfaces. It is powered
by two Westinghouse J30-WE-T-0 engines and is designed for flight
research in the high subsonic speed range, Fhotographs of the airplane
are presented as figure 1 and a three—vlew drawlng ag figure 2. Table T
lists the physical characteristics of ths alrplane.
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TEST INSTRUMENTATION

Because of the smell size of the T4 airplane end the instrumen—
tation requirements for the Northrop structiure and englne temperature
measurements 1t was possible to ingtall only a minimm of stabililty
end control instrumentation, Standard NACA inmbternal instruments record
altitude, airspeed, angle of sldeslip, right and left elevon position,
end rudder position. TIn addition, the following quantities are teleme—
tered to a ground station: normal acceleration, altitude, alrspeed,
right and left elevon position, and rudder position. All of the records
are correlated by a comnon timer,

The recording airspeed and altimeter are commocted to the alrspeed
head on the vertical fin. A celibration of thls instellation has not
yet been made,

RESULTS AND DISCUSSION

During this flight, the pllot toock a record of the take—off, a
record in the air where the speed was changed from epproximately
250 miles per hour to 275 miles per hour and thence to 225 miles per
hour indicated airspeed, and a2 record of the landing. Due to a fallure
of the telemeter, no record was obtalined of normal acceleration., The
data presented therefore were taken only from steady flight so that 1t
could be reascnably assumed the alrplane was at 1 g normal acceleration.

A measure of the gtick—fixed stabllity 1s shown in figure 3 where
Sep, + %op
the longltudinal control angle, P » is plotted againsgt indicated

alrgpeed, Vi, and normal-~force coefficlent. Those desta show that in
the clean conditlon the alrplane is slightly uneteble as shown by an
upward deflection of the control required for Increasing speed. The
pilot sbated that it was lmpossible to trim the alrplane 1in the clean
cordition. With gear down the airplane 1s steble for both center—of-—
gravity positions. There is an indication that there may be sams insta—
bility et high normsl—force coefficients with the gear down. However,
the data at 145 miles per hour were obtailned in the landing approach
Just before contact so there may be some effects of the proximlty of
the ground on these data. Although these data are rather sketchy, they
indicate that the center of gravity should be moved forward.

Figure 4 shows a time history of an elevon and rudder disturbance
Just after teke—off. Ad noted in the figure, =& portion of the
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left-elevon—position record was not cobtained. This record gives an
Indicatlon of the relatlive effectliveness of the rudder comtrol, a
change of about 20° in rudder angle producing & change of 6° in sideslip
angle, The pilot stated that the rudder control seemed to heve con—
slderable lag and the motlon of the control was 'boo slow. Figure 4
shows that ths rate of rudder motion was ebout 25° per second, which
rate ls conslderably slower than the rate at which a pilot is eble to
move the rudder pedels. The electrical system which operates the
rudder 1s arranged to glve several rates of conbrol movement corre-—
spond.ing to the rate at whlch the pilot moves the pedals. The rate of
25° per second 1s the maximum mate thet is avalleble to the pllot at
the present. The flight records showed this rate was used ln virtually
all rudder applicatlions Indlcabing that motion o the pedals was
applied at a rate of 25° per second or greater. During the first
attempt for take-off, 1t was also indicated that this rate of rudder
movement is too slow for maintalning directlonel caontrol.

The pllot reported excessive friction in the elevon control system
which 1s an irreversible hydraulic system with artificial feel for the
pilot. He also reported that the aileron farces seemed very heavy
relrtive to the elevator farces which on occaslon caused him to apply
elevetor control as well as alleron when attempting to move only the
allerons. Since the alleron forces are about normal it is believed
that the pilot was glven this impression by the excesslively light
elevator forces. Since the elevator—force system depends primarily
upon elevator position, it could be expected that wilth a change in
center—of—gravity locatlon sufficient to mrovide adequate stick-fixed
longlitudinal stability, the aileron-elevabtar forces would be pro—
portloned setisfactorily.

Tnspection of the sldeslip records showed no evidence of smaking

ogclllation over the range of speeds covered.
CORCLUSIONS

Fron data obtalned during the first f£light of the X4 number 1
airplane, 1t is indicated Pha:b:

1. The airplane is slightly mmabable, stlck fixed, wlith the center
of gravity at 22.4 percent mean aerodynamic chard in the clean condition
and at high 1ift coefficients in the gear—down, flaps—up condition.

2, The maximm rabte of rudder movement, 25° per secomd, is unde~
slrably low.
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3. There 1s no indication of a gnaking osclllation over the speed
range covered. '

k. The rudder effectiveness 1s low in the gear—down, low-speed
conditlion.

Langley Aeronautical Iaboratory
Netional Advisory Committee for Aeronautilcs
Langley Alr Force Base, Va.

Hubert M. Drake
Aerongutical Research Sclentist

Approved.:

Hartley A. Soule
glgtant Chief of Research
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TABLE T

PHYSTCAT, CHARACTERISTICS OF X—4 ATRPTANE

02
Rating (each)

Welght for accepbance tests, pounds:

Maximum 240 galloneg fuel
Minimm (10 gal fuel trapped)

Wing loading, pounds per squere foob:
Maximum

Minimm

Center—of-gravity travel (first flight)

Percent MAC:
Gear down, full loed
empty
Gear up, full lo=d
empty

Helght, over all, feet
Tength, over all, feet

Wing:

Area, sguare feet
Span, feet

© Ailrfoil section
Mean aerodynmemic chard, feet
Agpect ratio
Root chord, feet
Tip chord, feet
Taper ratio

Sweepback (leading edge), degrees
Dihedral (chard plane), degrees

Wing £laps (split):
Area, square feet
Span, feet
Chord, percent wing chord
Travel, degrees

Dive brake dlmensions as flaps
Travel, degrees

2 Wesbtinghouge J~30-WE~T-O
1600 pounds statlc thrust at sea level
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Elevona:
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TABTE I = Continued

Area (total), square feet
Span (2 elevons), feet
Chord, percent wing chord
Movement, degrees

Operation

Vertical tall:

Area, gquare feet
Height, feet

Rudder:
Area, square feel

Span, feet
Travel, degrees

Operation

‘!-‘l‘.n--l-‘-_i

17‘20

15.45

20

Up — 35

Down - 25

Hydraulic wilith electricel emergency

16
5. 96

L1

" k.3

30
Flectrical, in case of electrical
fallwre rudder cen be locked

. ,gl---'—"
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Figure 2.,— Three—view drawing of X airplane.
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Figure 3.~ Varlation of elevon engle with airepeed and normel~force ccefficlent for X4 alrplans.
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INDEX
Subject Number
Flying Qualities 1.8.5
Alrplanes — Specific Types 1.7.1.2
Stability, Longltudinal — Static 1.8.1.1.1
ABSTRACT

Results ere presented from the flrst Tlight of NACA Ingtrumented
Northrop X4 semi—tailless research airplane.

Data presented include rudder and elevon poslition, and angle of
sideglip for various airspeeds up to 290 mlles per hour indicated and
11,000 feet pressure altitude.

The airplane exhibited = slight degree of sbtatic longlitudinal
instabllity for certain condltioms.
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